Introduction
Alzheimer's disease (AD) is the most prevalent form of dementia in elderly affecting 10% of individuals older than 65 and more than 25 million individuals worldwide (1) .
At its onset, AD is a disease that manifests as deterioration in memory and inability to form new memories and to retrieve the stored ones (1, 2) . Alois Alzheimer, a Bavarian psychiatrist, treated a middleaged woman, Auguste D., a century ago. Once he asked Auguste D. to write her name. She was unable to do so and said, "I lost myself…" (1, 2) . Over time, symptoms get worse with a progressive loss of cognitive and functional abilities. The disease accelerates the end of life, and AD with its complications represents the fourth leading cause of death (1) . It is likely that Auguste D. case was familial AD as she died in her mid-fifties. Life span of patients with sporadic AD is variable -Ronald Reagan, the President of the United States of America, lived 20 years following the diagnosis (1) .
Protein misfolding and aggregation
Misfolding and aggregation of proteins is one of the major threats for the cell function and viability.
Protein structures are not very stable entities. By changing temperature (shift from 37°C to 42°C), in the presence of oxygen free radicals, heavy metals, pH change, or toxic substances (e.g. certain antibiotics), the cell proteins will spontaneously unfold or will be chemically modified (oxidation, isomerization, glycation). The process of protein folding may be prone to errors due to genetic mutations that generate misfolding and prevent the association of the protein with other subunits and cofactors (3, 4) .
Because an accumulation of unfolded proteins has a deleterious effect on cell function, the cells elaborated a range of mechanisms and quality control systems responsible for accurate synthesis of polypeptide chains, their proper folding, and targeting to the correct compartment. If native conformation of the protein is lost, the cell employs the mechanisms to prevent the aggregation of the unfolded proteins, refold them, and to cleave the misfolded proteins to amino acids. Proteins called molecular chaperones are one of the cell protective mechanisms (4, 5) . Most of the chaperones present at high levels under normal cell conditions and prevent inappropriate folding within and be-tween nonnative polypeptides, promote the efficiency of de novo protein folding and intracellular localization of newly synthesized polypeptides. Under stress conditions, the synthesis of chaperones increases rapidly, and that ensures the viability of cells under high temperature or other harmful conditions. The cell also elaborated enzymatic mechanism (ubiquitin-proteasome system, UPS) to ensure the degradation of misfolded proteins to amino acids. These two main protective mechanisms are normally sufficient to prevent the accumulation of misfolded proteins (4, 5) . However, during aging and under certain pathological conditions (genetic mutations), the capacity of this protein quality control mechanism is exceeded, and unfolded proteins accumulate inside the cell or in the extracellular space to dangerous levels ( Fig.  1) .
In a wide variety of systemic diseases, including many neurodegenerative disorders, unfolded polypeptides accumulate in cells as insoluble inclusions and appear to play a critical role in disease pathogenesis (2, (4) (5) (6) . The genetic mutation that prevents normal protein folding is a cause of many hereditary diseases ranging from cystic fibrosis to many hemoglobinopathies and thalassemia where the excess globin chains accumulate and distort red blood cell shape (4, 7). Many neurological diseases (e.g. Alzheimer's disease, Huntington's disease, Jacob-Creutzfeldt's disease) originate from the intracellular or extracellular deposition of abnormal proteins. Many reports give strong support that these various types of depositions arise from common mechanisms and elicit similar host response, as these depositions contain molecular chaperones and the components of UPS pathway (4, 6) .
The nature of Aβ peptide AD is a neurodegenerative disease with complex neuropathology and includes brain inflammation, shrinkage of hippocampus, degeneration of specific neuronal populations (1, 2) . AD pathology is linked to two types of insoluble protein deposits: a) extracellular polymers of amyloid beta peptide (Aβ), which constitute "plaques"; b) intraneuronal polymers of hyperphosphorylated protein tau, which constitute "tangles" (1) . The identification of plaques and tangles in the brain regions of the patient is the reason for AD diagnosis (1, 2) .
Aβ peptide was recognized as the subunit of the amyloid plaque by Glenner and Wong in 1984 (8) .
Aβ is approximately 4-kDa peptide, derived from its precursor protein (amyloid precursor protein, APP) by proteolytic cleavages. Three major isoforms of 695, 751, and 770 amino acids are detected, occurring after an alternative splicing of APP. Moreover, the isoforms undergo the posttranslational modifications (glycation, sulfation, and phosphorylation). APP isoforms containing 751 and 770 amino acids are the most abundant isoforms in nonneuronal tissues. Neurons synthesize the isoform of 695 amino acids in more abundant amounts (2, 9) .
APP is a transmembrane polypeptide cotranslationally translocated into the endoplasmic reticulum with the help of its signal peptide. APP is posttranslationally modified -N-and O-linked sugars are attached after biosynthesis -and the half-life of modified APP is 45-60 min (2, 10) . During the secretory pathway, APP undergoes proteolytic cleavages (Fig. 2) . The target of α-secretase is distant by 12 amino acids from N-terminal of the APP transmembrane domain. This cleavage results in the release of large soluble fragment (α-APP) into the extracellular space and retention of an 83-residue C-terminal fragment in the membrane (C83). The APP molecules not subjected to α-secretase cleavage can be cleaved by β-secretase, the cleavage site of which is distant by 16 amino acids, and a smaller domain (β-APP) is released retaining 99 residues (C99) in Alzheimer's disease: a molecular mechanism, new hypotheses, and therapeutic strategies the membrane. APP can be subjected to -secretase (Fig. 2) . The sequential cleavage by α-secretase and γ-secretase generates p3 fragment, meanwhile cleavage by β-secretase and γ-secretase produces Aβ fragment. γ-Secretase has two alternative cleavage sites (Fig. 2) ; therefore, Aβ fragment can consist of 40 amino acids (Aβ40) or 42 amino acids (Aβ42) (2, 11) .
Genetics of Alzheimer's disease
It has been known that AD can be inherited in an autosomal dominant pattern. Inherited forms of AD account for 5% to 10% of cases. It is complicated to say how frequently genetic factors cause AD because of the late onset of disorder (2) . The phenotypic analyzes revealed that APP-linked familial AD is indistinguishable from sporadic AD, the most common form of the disease. Sporadic AD is also identical to that caused by mutations in the APP and presenilin genes, which underlie more frequent familial AD (1, 2) .
The mutations in APP gene are the first genetic cause of AD. The discovery of such mutations, the determination of their localization in the APP and genotype-to-phenotype relationships shed more light into the mechanism of AD (2). The mutations are located before β-secretase cleavage site, after α-secretase site, or immediately after γ-secretase cleavage site (Fig. 3) . No other mutations in the APP gene having an influence on AD development have been discovered. It is assumed that these mutations cause altered APP cleavage by three secretases (12) . Currently, the increased Aβ production is associated with the nine mutations in APP gene. Mutation of two amino acids preceding β-secretase cleavage site results in an increased production of Aβ40 and Aβ42 due to increased cleavage by β-secretase (10, 11) . Mutations of five amino acids just after γ-secretase cleavage site selectively increase production of Aβ42 (10) .
In 1995, researchers identified genetic mutations within presenilin 1 gene (PSEN1, 14 chromosome) and presenilin 2 gene (PSEN2, 1 chromosome) in several early-onset familial AD (13) . So far, nearly 160 mutations (more than 258 families) in PSEN1 and 10 mutations (15 families) in PSEN2 genes are associated with familial AD (14, 15) .
PSEN1 and PSEN2 encode 467-(presenilin 1) and 448-amino acid (presenilin 2) transmembrane proteins, respectively. Both presenilins (PS) are expressed in the brain and many tissue cells of the human body (15) . It was shown that PS1 and PS2 are subunits of γ-secretase, which cleaves APP within its transmembrane domain and γ-secretase generates a spectrum of peptides (varies in length, ≥Aβ42 and ≤Aβ40), termed Ab, which accumulates in the brains of AD patients (15, 16) . It was suggested that PS mutations selectively elevate the levels of highly Milda Plečkaitytė 
Aβ oligomers -the new neurotoxins
Genetic, biochemical, and animal modeling data strongly suggest that the amyloid beta-protein (Aβ) plays a central role in AD. Three principal forms of Aβ (38, 40, and 42 amino acids) are produced in respect to the cleavage site of APP by γ-secretase (16) .
The particular peptide form is relevant because Aβ42 readily makes fibrils, especially in comparison to the less hydrophobic and much more abundant Aβ40.
Aβ is a natural protein present in the brains and cerebrospinal fluid of healthy humans (17) . The mere presence of Aβ does not cause neurodegeneration. The Aβ becomes a pathogenic substance when an ordered self-association of Aβ molecules into insoluble fibrils of 6-10 nm in diameter occurs (18) . The synthetic Aβ in vitro can form amyloid fibrils similar to those present in human brain (19) .
Accumulation of fibrillar Aβ in plaques underlies the dominant theory for AD, named the "amyloid cascade hypothesis," generated in 1992 by Hardy and Higgins (20) . However, neuropathologists have long raised concern about poor correlation between the severity of dementia and the density of fibrillar amyloid plaques in human brain (21, 22) . The later studies have shown a clear relationship between soluble Aβ levels and the extent of synaptic loss and severity of cognitive impairment. The experimental study on transgenic mice by Dodart and colleagues (23) presented further evidence supporting the idea about the significance of soluble Aβ forms. Monoclonal antibodies against Aβ peptide were administered to transgenic mice carrying the hAPP gene. Based on the results of Dodart's study, two significant conclusions were drawn. First, vaccinated mice exhibited reversal of their memory loss, with recovery evident in 24 hours. Reversibility cannot be reconciled if memory is lost due to nerve cell death. Second, the therapeutic benefits were obvious although the amyloid plaques were not destroyed (1, 23) . Kotilinek and colleagues (24) confirmed that amyloid fibrils were not the single pathogenic agent in studies with different mice and different Aβ antibodies.
Immunological assays coupled with mass spectrometry indicate that biochemically measured levels of soluble Aβ, including soluble oligomers, correlate much better with the degree of cognitive impairment than plaque counts do (25) . It was determined that the brains of AD patients contain elevated levels of soluble ligands -up to 70-fold more than in healthy persons (26) . These increases occur in the frontal cortex, but not cerebellum, and this confirms the impact of oligomers on memory and recognition (1) .
The striking amount of data published in the literature describes many types of in vitro assembly forms of synthetic Aβ including protofibrils (PFs), amyloid β-derived diffusible ligands (ADDLs), annular structures (doughnut-like structures of Aβ), globulomers, paranuclei and amyloid fibrils (27) . Two groups of researchers (28, 29) established the existence of fibrillar intermediates called protofibrils (PFs). PFs are the structural intermediates to fullfledged fibrils and they are neurologically active (29) . ADDL-like oligomeric assemblies have been isolated Alzheimerio liga: molekulinis mechanizmas, naujos hipotezės, gydymo perspektyvos
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from brains of AD patients, and their presence correlated with memory loss (26) . It is suggested that not only PFs and ADDLs are neurologically active, but small oligomeric forms (dimeric and trimeric oligomers) occurring in vivo (APP transgenic mouse brain) have also been detected in human brain (30) . These monomeric and oligomeric Aβ, and ADDLs target synapses and induce their degeneration (31, 32) . Synapse loss is the most robust correlate of AD associated with cognitive deficits (33) . Unfortunately, the list of unanswered or partially answered questions is still long (1). Why is oligomer accumulation age dependent? Are there chaperones present to prevent oligomer formation? Do these chaperones become less active in AD?
Disease-modifying treatment -new insights
Genetic, biochemical, pathological, and pharmacological studies support the hypothesis that brain accumulation of oligomeric species of beta-amyloid peptides may cause Alzheimer's disease. These findings have raised the approach to target the oligomeric forms of Aβ. This new strategy is an immunotherapy through either Aβ peptide vaccination or infusion of monoclonal antibodies against Aβ (27, 34, 35) . Vaccine trials in AD patients were terminated because of the development of T cell-mediated autoimmune meningoencephalitis in 6% of patients (27, 36) . Despite its failure, the AD vaccine trial provided a promising result: in responders grouped based on their antibody titer, the progression of AD over a 12-month period was stopped (37) . It was demonstrated that antibodies against Aβ could inhibit in vitro Aβ fibrillogenesis and disrupt pre-existing fibrils that resulted in reduced neurotoxicity in culture (38, 39) . It has already been described that antibodies neutralize oligomers without binding to Aβ monomers or fibrils (40) . The most advanced of these immunological approaches is bapineuzumab (is currently being co-developed by the pharmaceutical Elan's and Wyeth's companies), composed of humanized anti-Aβ monoclonal antibodies, that is being tested in two large late-stage trials (41) .
The metabolism of the APP and the aggregation of its fragment Aβ are the focus of current studies. The proteases, γ-secretase and β-secretase, are the targets for development of disease-modifying treatment. Aβ peptides are produced by the enzymes β-and γ-secretase. Certain drugs inhibit γ-secretase activity and reduce oligomer formation. Several inhibitors of γ-secretase have been identified, and the most advanced is LY-450139 (semagacestat) that is being studied in one large long-term Phase III clinical study (41) . However, γ-secretase activity is also involved in the differ- The compounds that stimulate α-secretase are also being developed. One of them, EHT-0202, has recently started a Phase II study (41) . However, targeting β-secretase is impeded by the lack of suitable inhibitors to date.
Tarenflurbil is a selective agent reducing Aβ42 formation, and it is the first drug of a novel class for mild AD treatment. Taberflurbil modulates γ-secretase, shifting production to shorter, less toxic Aβ fragment. This selective agent, unlike other γ-secretase inhibitors, does not interfere with the function of β-secretase substrates (43, 44) .
Nonsteroidal anti-inflammatory drugs (NSAIDs) may be suitable for modulation of both Aβ production and inflammatory activation. It was shown that NSAIDs indirectly reduce oligomer formation by shifting γ-secretase cleavage site in APP molecule by four amino acids to produce smaller, nonaggregating Aβ38 fragment (27, 44) .
Statins, tocopherol (vitamin E), estrogen, memantine produce limited clinical benefits (41, 43, 44) . Unfortunately, drugs licensed for AD have moderate symptomatic benefits. Currently, there are no disease-modifying therapies available for the treatment of Alzheimer's disease (43, 44) . The development of the drug targets along with the diagnostic tools -genetics, biomarkers, and neuroimaging techniques -is an active field of research.
Santrauka. Pastaraisiais metais ypač susidomėta ligomis, susijusiomis su netaisyklingu baltymų susilankstymu ir jų agregacija. Literatūroje pateikiama naujausia informacija apie molekulinę ir ląstelinę šių ligų patogenezę. Be to, poreikis kuo išsamesnės informacijos apie šių ligų mechanizmus kilo dėl didėjančio sergamumo Alzheimerio liga bei kitomis senatvinėmis ligomis, būdingomis ekonomiškai išsivysčiusioms šalims. Daugiau kaip 20 metų daugelis sisteminių ligų, įskaitant neurologines Alzheimerio ir Parkinsono ligas, siejamos su anomalių fibrilinių baltymų susikaupimu. Šios fibrilės, vadinamos amiloidu, laikomos patogeninėmis molekulėmis, sukeliančiomis ląstelių degeneraciją. Vyraujančios Alzheimerio ligos teorijos pagrindas yra plokštelių, sudarytų iš baltymo Aβ fibrilių, susiformavimas. Pasirodė, jog fibrilės nėra vienintelis toksinas, atsirandantis baltymų susijungimo procese. Šiandien žinoma, jog egzistuoja ikifibriliniai dariniai -tirpūs oligomerai ir protofibrilės, kurie yra neurologiškai aktyvūs. Šių darinių vaidmens įvertinimas Alzheimerio ligos patogenezei davė impulsą amiloido kaskados hipotezės korekcijai. Kol kas nėra veiksmingų Alzheimerio ligos gydymo priemonių. Tačiau naujas požiūris į ligos mechanizmą ir imunoterapinių priemonių, tokių kaip monokloniniai antikūnai ir vakcinos sukūrimas, teikia vilčių, jog situacija gerės. 
